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BACKGROUND OF THE INVENTION 

[04] The present invention generally relates to an electromagnetic tracking system. In 
particular, the present invention relates to a software configurable electromagnetic 
tracking system accommodating a plurality of coil architectures. 

[05] Many medical procedures involve a medical instrument, such as a drill, a catheter, 
scalpel, scope, shunt or other tool. In some cases, a medical imaging or video system 
may be used to provide positioning information for the instrument. However, medical 
practitioners often do not have the use of medical imaging systems when performing 
medical procedures. The use of medical imaging systems for instrument tracking may be 
limited for health and safety reasons (e.g., radiation dosage concerns), financial 
limitations, physical space restrictions, and other concerns, for example. 

[06] Medical practitioners, such as doctors, surgeons, and other medical professionals, 
often rely upon technology when performing a medical procedure, such as image-guided 
surgery or examination. A tracking system may provide positioning information for the 
medical instrument with respect to the patient or a reference coordinate system, for 
example. A medical practitioner may refer to the tracking system to ascertain the position 
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of the medical instrument when the instrument is not within the practitioner's line of 
sight. A tracking system may also aid in pre-surgical planning. 

[07] The tracking or navigation system allows the medical practitioner to visualize the 
patient's anatomy and track the position and orientation of the instrument. The medical 
practitioner may use the tracking system to determine when the instrument is positioned 
in a desired location. The medical practitioner may locate and operate on a desired or 
injured area while avoiding other structures. Increased precision in locating medical 
instruments within a patient may provide for a less invasive medical procedure by 
facilitating improved control over smaller instruments having less impact on the patient. 
Improved control and precision with smaller, more refined instruments may also reduce 
risks associated with more invasive procedures such as open surgery. 

[08] Tracking systems may also be used to track the position of items other than 
medical instruments in a variety of applications. That is, a tracking system may be used 
in other settings where the position of an instrument in an object or an environment is 
difficult to accurately determine by visual inspection. For example, tracking technology 
may be used in forensic or security applications. Retail stores may use tracking 
technology to prevent theft of merchandise. In such cases, a passive transponder may be 
located on the merchandise. A transmitter may be strategically located within the retail 
facility. The transmitter emits an excitation signal at a frequency that is designed to 
produce a response from a transponder. When merchandise carrying a transponder is 
located within the transmission range of the transmitter, the transponder produces a 
response signal that is detected by a receiver. The receiver then determines the location 
of the transponder based upon characteristics of the response signal. 
[09] Tracking systems are also often used in virtual reality systems or simulators. 
Tracking systems may be used to monitor the position of a person in a simulated 
environment. A transponder or transponders may be located on a person or object. A 
transmitter emits an excitation signal and a transponder produces a response signal. The 
response signal is detected by a receiver. The signal emitted by the transponder may then 
be used to monitor the position of a person or object in a simulated environment. 

[10] Tracking systems may be ultrasound, inertial position, or electromagnetic tracking 
systems, for example. Electromagnetic tracking systems may employ coils as receivers 
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and transmitters. Typically, an electromagnetic tracking system is configured in an 
industry-standard coil architecture (ISCA). ISCA uses three colocated orthogonal quasi- 
dipole transmitter coils and three colocated quasi-dipole receiver coils. Other systems 
may use three large, non-dipole, non-colocated transmitter coils with three colocated 
5 quasi-dipole receiver coils. Another tracking system architecture uses an array of six or 

more transmitter coils spread out in space and one or more quasi-dipole receiver coils. 
Alternatively, a single quasi-dipole transmitter coil may be used with an array of six or 
more receivers spread out in space. 

[11] The ISCA tracker architecture uses a three-axis dipole coil transmitter and a three- 
10 axis dipole coil receiver. Each three-axis transmitter or receiver is built so that the three 

coils exhibit the same effective area, are oriented orthogonally to one another, and are 
centered at the same point. An example of a dipole coil trio with coils in X, Y, and Z 
directions spaced approximately equally about a center point is shown in Figure 3. If the 
coils are small enough compared to a distance between the transmitter and receiver, then 
1 5 the coil may exhibit dipole behavior. Magnetic fields generated by the trio of transmitter 

coils may be detected by the trio of receiver coils. Using three approximately 
concentrically positioned transmitter coils and three approximately concentrically 
positioned receiver coils, for example, nine parameter measurements may be obtained. 
From the nine parameter measurements and one known position or orientation parameter, 
20 a position and orientation calculation may determine position and orientation information 

for each of the transmitter coils with respect to the receiver coil trio with three degrees of 
freedom. 

[12] Different coil > architectures involve different system components and 
requirements. For example, different coil architectures include different numbers of 
25 transmitter coil drivers, different number of receiver coil preamp channels, different 

signal processing, different mathematical models of coils, and/or different position-and- 
orientation calculation algorithms. 

[13] Currently, a tracking system may only use one coil architecture. Changing coil 
architecture requires replacing the entire tracking system, not only the coils. Existing 
30 tracking systems only permit simultaneous tracking of multiple receiver assemblies when 
all receiver assemblies use the same coil architecture. Therefore, in order to provide a 



multi-purpose tracking system for medical applications, such as image-guided surgery, 
multiple tracker systems using various coil architectures must be installed in the medical 
system. 

[14] Thus, a tracking system that operates with various coil architectures would be 
5 . highly desirable. Additionally, a tracking system that is easily adjustable and 
configurable would be highly desirable. There is a need for a software configurable 
electromagnetic tracking system accommodating a plurality of coil architectures. A need 
also exists for an electromagnetic surgical navigation system that allows surgical or other 
medical procedures to be performed in a less invasive manner. 

10 
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BRIEF SUMMARY OF THE INVENTION 

[15] Certain embodiments of the present invention provide a system and method for 
software configurable electromagnetic tracking. Certain embodiments of the system 
include a transmitter for transmitting a signal, a receiver for receiving the signal from the 
transmitter, and tracker electronics for analyzing the signal received by the receiver. The 
tracker electronics accommodate a plurality of tracking system architectures for the 
transmitter and the receiver. 

[16] The tracker electronics may be configured by software to accommodate a plurality 
of tracking system architectures. The tracker electronics may store waveforms for a 
tracking system architecture in memory and/or may generate waveforms on demand. 
Additionally, the tracker electronics may store software for a tracking system architecture 
in memory and/or may generate software code on demand. 

[17] The tracker electronics may be modular tracker electronics. In an embodiment, 
the tracker electronics determine position and/or orientation of the transmitter based on 
the receiver. The tracker electronics may also determine position and/or orientation of the 
receiver based on the transmitter. 

[18] Certain embodiments of the method include selecting a tracker configuration for 
components in an electromagnetic tracker, generating a processing scheme for the tracker 
configuration, and applying the processing scheme to the components in the 
electromagnetic tracker. The processing scheme may be generated on demand. The 
processing scheme may be generated using software and/or a configurable processor. 
The processing scheme may be stored in memory. The method may also include 
determining a position and/or an orientation of at least one component in the 
electromagnetic tracker. 

[19] Certain embodiments provide a configurable electromagnetic tracking system. In 
an embodiment, the system includes a transmitter and/or a receiver for measuring a 
position in a coordinate system. The system also includes tracker electronics for 
determining position of the transmitter and/or receiver using information from the 
transmitter and/or receiver. The tracker electronics are configurable for a plurality of 
tracking system architectures. The tracker electronics may generate a processing scheme 
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for a tracking system architecture. Additionally, the tracker electronics may 
simultaneously support a plurality of tracking system architectures. The tracker 
electronics may be modular, configurable tracker electronics. The tracker electronics 
may use software to generate support for a plurality of tracking system architectures. 
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BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 

[20] Figure 1 illustrates an electromagnetic tracking system used in accordance with an 
embodiment of the present invention. 

[21] Figure 2 shows a flow diagram for a method for configuring a tracking system 
5 used in accordance with an embodiment of the present invention. 

[22] Figure 3 illustrates a dipole coil trio used in accordance with an embodiment of 
the present invention. 

[23] The foregoing summary, as well as the following detailed description of certain 
embodiments of the present invention, will be better understood when read in conjunction 
10 with the appended drawings. For the purpose of illustrating the invention, certain 
embodiments are shown in the drawings. It should be understood, however, that the 
present invention is not limited to the arrangements and instrumentality shown in the 
attached drawings. 
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DETAILED DESCRIPTION OF THE INVENTION 

[24] For the purpose of illustration only, the following detailed description references 
an embodiment of an electromagnetic tracking system used with an image-guided surgery 
system. It is understood that the present invention may be used with other imaging 
systems and other applications. 

[25] Figure 1 illustrates an electromagnetic tracking system 100 used in accordance 
with an embodiment of the present invention. The tracking system 100 includes a 
transmitter 1 10, a receiver assembly 120, an instrument 130, an instrument guide 140, and 
a tracker electronics 150. In an embodiment, the transmitter 110 is positioned on the 
instrument 130. The receiver assembly 120 is located remotely from the instrument 130 
and the transmitter 1 10. The instrument guide 140 is used to control the instrument 130. 

[26] In an embodiment, the receiver assembly 120 includes two receivers 122, 124. 
The receivers 122, 124 of the receiver assembly 120 may be receiver dipole coils or coil 
trios, for example. The receiver assembly 120 may be attached to the instrument guide 
140. The instrument 130 may be a surgical drill or other medical instrument, for 
example. The instrument guide 140 may be a drill guide or other medical instrument 
guide, for example. In another embodiment, the instrument 130 with instrument guide 
140 may be a tool that is indirectly controlled for applications wherein an operator's field 
of vision is obscured by an object. 

[27] The transmitter 110 may be a wired or wireless transmitter. In certain 
embodiments, the transmitter 110 is attached to the instrument 130. Alternatively, the 
transmitter 110 may be integrated with the instrument 130. Using the transmitter 1 10 and 
receiver assembly 120, the position of the instrument 130 is tracked with respect to the 
instrument guide 140 or other reference point, for example. 

[28] The system 100 may also include one or more additional transmitters (not shown) 
for use in instrument 130 tracking. The additional transmitter(s) may be wired or wireless 
transmitters). For example, a wireless second transmitter may be located on the 
instrument guide 140 or on the instrument 130. Alternatively, for example, a wired 
second transmitter may be located on the instrument guide 140. The second transmitter 
may be wired to the tracker electronics 150. A cable may be run from the second 
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transmitter to the tracker electronics 150. The transmitter 110 and additional 
transmitter(s) may be tracked simultaneously from the receivers in the receiver assembly 
120. 

[29] In an embodiment, the transmitter 110 may be an ISCA transmitter, such as an 
ISCA transmitter coil trio, for example. Software used with the tracker electronics 150 
may be configured to accommodate the transmitter 110 and/or another wired or wireless 
transmitter. The transmitter 110 may draw power from the instrument 130 or may have a 
separate power source, for example. The transmitter 1 10 may be tracked from each of the 
receivers in the receiver assembly 120. Thus, certain embodiments use the transmitter 
1 10 and the receiver assembly 120 to track the position of the instrument 130 with respect 
to the instrument guide 140. 

[30] In an embodiment, the tracker electronics 150 includes a Lucas 4650 processor, 
for example. The tracker electronics 150 may be integrated with the receiver assembly 
120 or may be a separate module, for example. In an embodiment, the tracker electronics 
150 resides on a receiver assembly 120 board to perform a Sum of Products (SOP) and 
other calculations on signal data. An SOP may be calculated using the following 
equation: 

k 

0)- 

[31] In an embodiment, the tracker electronics 150 may include a large number of 
transmitter coil drivers (to accommodate a large number of transmitter coils used 
simultaneously, for example). The tracker electronics 150 may also include a modular 
design permitting additional transmitter coil drivers to be added based on a coil 
architecture in use. Wireless transmitters have no direct, physical connection with the 
system 100 and may be added to the tracker electronics 1 50 with minimal effort. 

[32] Waveforms for transmitter coil drivers may be stored in a memory, such as a 
random access memory (RAM) or hard disk drive, or may be generated on-the-fly by a 
software-controlled signal generator, such as a direct digital synthesizer (DDS), for 
example. Driver waveforms may be changed for different coil architectures by changing 
data in the RAM or other memory storing the waveforms or by adjusting settings of the 
software-controlled generator. 



[33] Driver waveforms may be distinguished using sine waves of different frequencies, 
for example. A similar effect may be accomplished by using waveforms that are nonzero 
at different times or by using a spread-spectrum code division technique. 
[34] The tracker electronics 150 may include a large number of receiver coil 
preamplifier channels (to accommodate a large number of transmitter coils used 
simultaneously, for example). Alternatively, the tracker electronics 150 may include a 
modular design allowing additional receiver coil drivers to be added based on a coil 
architecture(s) in use. Wireless receiver coil preamplifer channels may be added as well. 

[35] Signals emitted from receiver preamplifiers are transmitted to analog-to-digital 
converters (ADCs). The ADCs digitize the receiver preamplifier signals. Digital signals 
output from the ADCs are processed by software. In an embodiment, the software is 
stored in RAM or other memory. The software extracts desired frequency components of 
the digital signals. The frequency components may be further processed to calculate the 
position and orientation of the receiver assembly or assemblies, for example. 
[36] Since the software is stored in memory, algorithms, coil models, and processing 
schemes included in or generated by the software may be easily altered by modifying, 
reconfiguring, or replacing the software, for example. Software may be modified to 
accommodate various coil architectures or system parameters. In an embodiment, 
algorithms for multiple coil architectures may be loaded in memory. Multiple coil 
architecture algorithms and models, for example, allow multiple coil architectures to be 
run simultaneously. Rapid switching between architectures may also be facilitated using 
multiple configurations. In an embodiment, the tracker electronics 150 may register 
multiple coordinate systems for multiple architectures. 

[37] For example, an ISCA architecture and a single transmitter coil architecture may 
be running simultaneously in the system 100. A position and orientation of an ISCA 
receiver are determined with respect to an ISCA transmitter. A position and orientation 
of a single coil transmitter (with less roll, for example) are determined with respect to a 
single transmitter coil receiver coil array (a spread-out coil array, for example). 
[38] Additionally, the receiver coil array may be used to track the ISCA transmitter 
coil trio. The receiver coil array may be used to determine position and orientation 

information (including roll, for example) of the ISCA transmitter with respect to the 
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receiver coil array. Then, the position and orientation of the ISCA receiver with respect 
to the receiver coil array may be determined. Similarly, an ISCA receiver may be tracked 
with respect to a transmitter coil array (a spread-out transmitter coil array, for example). 

[39] The following examples illustrate various exemplary coil architectures that may 
be configured for use in the system 100. Example coil architectures include a wired 
ISCA architecture, a wireless transmitter ISCA architecture, a wired single coil 
transmitter architecture, and a wireless single coil transmitter architecture. In a wired 
ISCA architecture, three ISCA drivers drive a trio of transmitter coils. Four receiver coil 
trios each drive three receiver preamplifier channels. In a wireless transmitter ISCA 
architecture, an added wireless driver drives the three transmitter coils. Each of four 
receiver coil trios drives three receiver preamplifier channels in an array of twelve 
receiver preamplifier channels. For a single coil wired transmitter, an ISCA driver may 
be used to drive the single transmitter coil. A twelve coil receiver assembly drives twelve 
receiver preamplifier channels. For a single coil wireless transmitter architecture, a 
wireless driver drives the single transmitter coil. A twelve coil receiver assembly drives 
twelve receiver preamplifier channels. 

[40] Mutual inductance may be used in the electromagnetic tracking system to identify 
the positions of components in the system. Mutual inductance may allow the system to 
be divided into two parts: coils and electronics. Determining mutual inductance involves 
a physical design of the coils and a geometrical relationship between the coils but may 
not use details of the electronics used to measure the mutual inductance. Additionally, 
mutual inductance does not depend on which coil receives an applied current. 

[41] In addition to the electronics used to measure mutual inductance, a system 
including one transmitter coil and one receiver coil forms a four-terminal two-port 
network. A varying current injected into one coil induces a voltage in the other coil. The 
induced voltage V is proportional to the rate of change of the applied current I: 

V = L m (dI/dt) (2), 

wherein L m represents mutual inductance. L m is based on the geometry of the coils 
(closed circuits). L m is a ratio independent of applied current waveform or frequency. 
Thus, L m is a well-defined property that may be measured with reasonable precision. 
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[42] In an embodiment, a positional relationship between the receiver coils in the 
receiver assembly 120 is known. The receiver coils receive the signal transmitted by the 
wireless transmitter coil. The position and orientation of the wireless transmitter 110 
relative to a reference coordinate system may then be determined using the mutual 
inductance between the receiver and transmitter coils and the positional relationship 
between the receiver coils. The resulting tracked position and orientation of the wireless 
transmitter 110 attached to the drill in relation to the receiver assembly 120 on the drill 
guide may be used to help a user manipulate the drill inside the patient's body. 
Positioning information may help prevent injury to the patient and minimize unnecessary 
risk. 

[43] In certain embodiments, the electromagnetic tracking system 100 allows for the 
object being tracked to move freely without being limited by connections with a 
transmitter 110 or receiver 122, 124. To reduce the bulk associated with attaching a 
battery or other power source to a transponder, passive transponders may employ a coil as 
a means of coupling with and receiving power from other devices. 

[44] In certain embodiments, ratios between fields are measured, rather than absolute 
values. Precise ratios may be easier to obtain than precise absolute values. Five of six 
degrees of freedom for position and orientation measurements may be determined from 
ratios of received magnetic fields or mutual inductances, for example. Range (e.g., a 
distance from a receiver to a transmitter) may not be determined without a field strength 
or mutual inductance value. 

[45] In an embodiment, two receiver coil trios, such as ISCA receiver coil trios, are 
used to determine range. Position and orientation parameters, aside from range, may be 
determined using magnetic field or mutual inductance ratio measurements from the six 
receivers in the two receiver coil trios. Additionally, a ratio of the ranges between the 
two receiver coil trios and the transmitter coil trio may be determined. Thus, a triangle is 
formed between the transmitter and receiver coil trios. The three angles of the triangle 
may be determined by ratio measurements. Additionally, a ratio of the two ranges is also 
determined. Using the three angles and the ratio of the two sides, the ratios of all three 
sides of the triangle may be determined. The side of the triangle that represents a distance 
between the two receiver coil trios may be determined based on construction of the 
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receiver assembly 120. Thus, by triangulation, the ranges between the two receivers 122, 
124 and the transmitter 110 may be determined (i.e., the remaining two sides of the 
triangle). 

[46] Figure 2 shows a flow diagram for a method 200 for configuring a tracking system 
used in accordance with an embodiment of the present invention. First, at step 210, 
components, such as the transmitter 110 and the receiver assembly 120, are positioned. 
Coils, for example, in the transmitter 110 and/or the receiver assembly 120 may be 
adjusted in a desired configuration. For example, a trio of wireless transmitter coils may 
be positioned with respect to an array of wired receiver coil trios. 

[47] Then, at step 220, a desired architecture is determined. For example, an operator 
selects an ISCA coil architecture for the system. Alternatively, the tracker electronics 
150 or other processor may detect that an ISCA architecture is in use. 

[48] Next, at step 230, a model and/or processing scheme for the current architecture 
are configured. For example, software implementing an ISCA coil architecture and 
tracking algorithms for an ISCA architecture are configured in the tracker electronics 1 50. 
At step 240, driver waveform(s) for the architecture are loaded in the tracker electronics 
150. Software configured for the architecture may also be loaded in the tracker 
electronics 150. In an embodiment, the appropriate software and driver waveforms are 
stored in RAM for use by the tracker electronics 150. In another embodiment, driver 
waveforms and software are generated on the fly by the tracker electronics 150. 

[49] Then, at step 250, the waveforms are used to drive the components in the 
architecture. For example, driver waveforms are used to drive coils in the selected 
architecture. Next, at step 260, received signals are analyzed. For example, receiver coils 
receive signals or measurements, such as mutual inductance, magnetic fields, or current, 
from transmitter coils and transmit the received signals to the tracker electronics 150 for 
analysis. Then, at step 270, a position and orientation of a transmitter and/or receiver are 
determined. For example, signal ratios and/or triangulation between a transmitter and 
receivers may be used to determine position and orientation information. 

[50] At step 280, transmitter and/or receiver components may be changed and a new 

architecture may be configured. For example, components in a tracking system may be 

changed from an ISCA coil trio configuration to a single wireless transmitter coil 
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architecture. Alternatively, multiple architectures may be supported simultaneously by 
the tracker electronics 150. For example, the tracker electronics may store and/or 
generate driver waveforms and operational information for both wired and wireless ISCA 
architectures. 

[51] For example, a wired transmitter coil trio and a wired receiver coil trio may be 
positioned in a wired ISCA configuration. The tracker electronics 150 detect a wired 
ISCA architecture. Then, ISCA coil drivers are generated to drive the transmitter coils. 
Data is received at the receiver coils and processed by the tracker electronics 150 to 
determine position and orientation of the ISCA transmitter in relation to the ISCA 
receiver. Next, an operator adds a wireless transmitter. The operator selects a wireless 
ISCA mode of operation. The wireless coil drivers are loaded into RAM. The tracker 
electronics 150 drives both the wired and wireless transmitter coils to determine position 
and orientation information. Thus, the tracker electronics 150 supports multiple 
architectures simultaneously to improve flexibility and accuracy of system performance 
and position and orientation determination. 

[52] Thus, certain embodiments of the present invention provide a system and method 
which permit a tracking system to operate with various coil architectures. In certain 
embodiments, the tracking system may operate with various coil architectures at different 
times and/or simultaneously. Certain embodiments provide a software-defined tracking 
system that accommodates a plurality of tracker coil architectures. 

[53] Certain embodiments simplify a tracking system for use in a multiple-application 
system, such as an image-guided surgery system. Certain embodiments allow existing 
tracking systems to be retrofitted for new tracker coil architectures without a loss of 
functionality. Software upgrades and replacement and/or additional coils may be used to 
modify current systems to accommodate multiple architectures at reduced cost without 
modification of tracker hardware. Thus, certain embodiments allow existing systems to 
be upgraded for new applications. Certain embodiments may open new retrofit markets 
for electromagnetic tracking systems. 

[54] Additionally, certain embodiments of the present invention may be used with a 
variety of tracking systems. For example, coils may be replaced with other types of 
magnetic field detectors, such as flux gate magnetometers, superconducting quantum 
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interference devices (SQUID), or magnetoresistance sensors. A software-configurable 
tracking system may be programmed to accommodate a variety of tracking architectures. 

[55] While the invention has been described with reference to certain embodiments, it 
will be understood by those skilled in the art that various changes may be made and 
equivalents may be substituted without departing from the scope of the invention. In 
addition, many modifications may be made to adapt a particular situation or material to 
the teachings of the invention without departing from its scope. Therefore, it is intended 
that the invention not be limited to the particular embodiment disclosed, but that the 
invention will include all embodiments falling within the scope of the appended claims. 
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